There is a common belief among people that the video games for training and education used in our daily life could shape our brain. However, this belief has not been substantiated by solid scientific evidence. In particular, precisely how this shaping effect is to be measured has never been specified. This investigation looks into the game-induced learning effects by reviewing task-specific effects and their generalization in cognitive functions that relate to brain neural mechanism. Relevant literatures of the effects of training on the executive function of cognitive processes are carefully reviewed from the perspective of cognitive neuroscience research. Suggestions for the future directions of how to leverage technology for designing better games in order to enhance the efficiency of training/learning in education are proposed.
Introduction
The digital environment associated with dynamic multi-sensory changes the way we learn and how we communicate with one another, and these changes shall give us a different perception of the world. Recent research in neuroscience has shown evidence that daily exposure in high technological environment gradually changes new neural pathways and rewires our brain, altering the state of our mind and the patterns of our behavior [1] . It is obvious that today"s young people in teen-ages and 20s, the so called "Digital Natives", who have been born in a world with computers, internet and cellphone, search information via online search engine intuitively and with sophistication, contrasting the way we "digital immigrants" used to search information by material category bulletin in the real-world library. The modern technology devices, often constructed with a human-based engineering consideration, are designed more "smart" to fit the requirements of our daily life, and these biologically oriented applications with multisensory displays may have implications for making our brain-mind-behavior more naturally "smart." A phenomenon of the socalled Flynn Effect shows that the average scores of IQ test today"s youngsters is higher than that of the early 20th century at an average rising rate of three points per decade [2] . One of the theoretical accounts of the Flynn effect focuses on the changes of our multi-media environment which stimulates and rewires our brain circuits and enhances our performance in a standard test. For example, today"s youth immersing in the environment of action video games with the application of 2D/3D presentations would contribute a great deal to enhance their visualspacial cognitive functions, as reflected in the positive correlation with higher average scores in CPM and SPM of Raven IQ Test (fluid intelligence) [3, 4] .
If one takes the implications of the Flynn effect seriously, then it is important that a more powerful brain mechanism for cognitive functions in working memory, attention, and decision-making has to be developed and maintained. In this sense, higher speed and efficiency of information processing would be essential for our better daily life. In recent decades, numerous digital training programs had been developed as instructional tools to meet this need for enhancing the specific cognitive skills as well as remediating intervention of disability. Usually, the majority of these training programs were designed as video games due to their advantages of higher motivation and attention engagement of participants. This paper discusses the efficiency of gaming by two criteria: task-specific effect and their generalization in cognitive functions, and then make suggestions for how to design better digital games from the perspective of research in the cognitive neuroscience.
Efficiency of Gaming

Training-induced Learning: Working Memory
Working memory is the ability to retain information for short period of time in order to comprehend and organize the incoming information. The amount of information that an individual can retain while processing information is called the working memory capacity. Traditionally, the working memory capacity has been thought to be constant. Recent experimental evidence from neuroscience studies has shown that the working memory capacity can be improved by training, consistent with the arguments based on the view of brain plasticity. These evidences came from studies of human subjects in both normal and disorders. Klingberg and his colleagues at the Karolinska Institu [5] used fMRI to investigate the changes in brain activities, which they proposed as induced by working memory training. They observed that after training, the increasing brain activities in the middle frontal gyrus and superior and inferior parietal cortices which had been reported to be related to working memory. They used the evidence to support their view of training-induced plasticity in the neural systems that underlie working memory in healthy adult human. There were also similar evidences shown in patients study to support the same conclusion. Haut et al. (2010)[6] compared the performance of schizophrenia patient controls, healthy controls, and patients treated as cognitive training; they found better performance after cognitive training was associated with increased activation of PFC (Prefrontal Cortex) regions, which was established as the regions (including dorsolateral prefrontal cortex, anterior cingulate and fronto-polar cortex) sub-serving attention and working memory. Some studies had observed similar training-induced effects in ADHD (Attention-deficit hyperactivity disorder) children (Klingberg et al. 2005 ) [7] and in stoke patients (Westerberg et al., 2007) [8] .
Moreover, Klingburg (2010) [9] also emphasizes the working memory capacity can be improved by adaptive and extended training which is associated with changes in brain activities in PFC regions; he also demonstrated transfer effects to non-trained working memory tasks, giving strong support to the notion of training-induced plasticity. In sum, he con-cludes that working memory training can be used as a remediating intervention for whom low working memory is a limiting factor for his or her academic performance or in everyday life.
Task-Specific Effect
Recent experiments which examined the influence of playing video games on cognitive abilities showed many task-specific effects of cognitive function resulting from playing video games, including the effects on attention, memory and executive control [10] . There are numerous examples of such effects in different aspects of cognitive function, such as visual skills in perceptual learning (visual modality, multi-sensory processing [11] , earliest sensory of visual processing [12] , contrast sensitivity) [13] [14]), cognitive control (selective attention of task switching [15] ), perceptual decision processing (suppression of distracting irrelevant information (focus attention) [16] ), attention control (top-down attention control [17] . changing direction in strategy using [18] , faster response time for visual search [19] ), and production of motor responses (attention control within oculomoter system [20] ).
Generalization in cognitive function (transfer effect)
The neural changes underlying the effects of training and learning are fundamental and critical to the changes at the behavioral level. Therefore, the positive effect resulting from successful intervention can be generalized to other related behaviors. For instance, Kjuala et al. (2001) demonstrated that reading difficulties can be ameliorated by special training programs even without linguistic materials and the training effect was demonstrated by faster reaction times to detecting sound changes. They also found that changes in brain activity at the auditory cortex were accompanied by improvement in reading skills [21] . In other words, the study highlighted the effect of training program in the activation of the underling neural mechanism which supports the higher lever cognitive tasks in general. The successful generalization as shown in this study has important implications for our aging society.
It is well known that we are facing a society problem due to the increase of aging population. It is also clear that the decline of cognitive control function in old adults is a serious threat to future society. The related issues have been widely discussed in both cross-sectional and longitudinal studies. The topics of how to train aging brain in order to counter the cognitive disorders are essential. Researchers such as Nouchjir et al. (2012) carefully pointed out that the beneficial effects of brain training game on cognition in elder people are selective; their study showed that the observed transfer to other cognitive functions occurred only in tasks including executive functions and processing speed but not on any global cognition and attention. Therefore, they suggested braining training games for elderly is useful for improving executive functions and processing speed in short term training [22] . Another investigation conducted by Muijden et al. (2012) evaluated transfer effect by Cognitive Test Battery (CTB) for working memory updating, set shifting, and response inhibition before and after the intervention of online cognitive training game. They found that the game group, as comparing to the non-game group in their study of healthy older adult age 60-73, had shown transfer effects on parts of the cognitive control functions including inhibition attention (stop-signal task), inductive reasoning (Raven-SPM), and selective attention (UFoV-3), which were not targeted by the intervention [23] . Such evidence has shown that the generalization of training effect can only be partially observed, and there is no "one fits for all" solution for enhancing cognitive control ability in aging society.
As we mentioned above, video games have been thought as a powerful tool for cognitive enhancement. Greeen and Bavelier (2012) reviewed the studies of the past decades and concluded that training on action video games produced learning that transfered well beyond the training task. They pointed out that the advantage on new task might not be observed immediately after game playing. They proposed that the true effect of action video game playing might be to enhance the ability to learn new task, especially in the application of rehabilitation paradigms [24] . Furthermore, Bavelier, Green, Pouget and Schrater (2012) optimistically encourage people to adopt complex training environments such as action video game to foster brain plasticity. They also emphasize learning on the application aspects of education, working training and rehabilitation through the life span [25] . However, There are levels of transfer that can be difficult to identify and quantify among transfer within the same domain, transfer to other cognitive constructs, and transfer to everyday life [26] . In contrast, Owen et al. (2010) conducted a six-week online study with 11,430 participants on broad range of cognitive functions in video game training among adults of ages from 18 to 60. They observed task specific improvement but no transfer effect to untrained tasks, even though the tasks were cognitively related [27] . Besides, Melby-Lervag et al. (2012) indicated there was no convincing evidence of the generalization of working memory training to other skills, such as nonverbal and verbal ability, inhibitory processes in attention, word decoding, and arithmetic, in their meta-analytic review. They concluded that working memory training programs appeared to produce short-term, specific training effects that did not generalize [28] . There still seem to have a great deal of debate on this generalization issue. Further studies from different perspectives such as neurological, cognitive and behavioral assessment should carefully be carried out to clear up the ambiguity.
Eventually, evaluating generalization effect from the perspective of cognitive neuroscience, we need to more carefully examine the evidences on the changes of neural connections underlying the mechanism related to training and learning task which was developed for enhancing target behaviors.
Conclusion and Suggestion
The general game-induced learning effects are expected to be observed across the brain-mind-behavior scale consistently in the whole lifespan. Although, previous studies have found neruophysiological differences between gamers and nongamers, nevertheless, these are mostly limited to the issue of expert/novice comparisons. What we would like to do is to use neuroimaging to examine the effects by mapping the underlying brain mechanism of performance differences induced specifically by gaming. Boot and his colleagues (2011) discussed some methodological shortcomings for those studies which claim the positive gaming effects and then suggested the guidelines for more definitive tests of the effect of gaming on cognition, including covert recruitment strategy, adequate control of Placebo effects, differentiation from strategy changes, adequate baseline for transfer effects, and measurable improvement expectation from both experiment and control group, which is critical to recruiting, testing and reporting [29] . This cast the light on the possible specification to implement more studies with solid evidences in game-induced learning effect.
There is no doubt, in line with the trend of "Mind-Brain-Education" evolution since 1990"s, numerous brain plasticitybased training program were developed and commercialized to be adopted in family and schools. There is always need to carefully evaluate and criticize some Nurosmyths [26] , such as right/left brain training, learning style preference (Visual, Auditory, or Kinesthetic_VAK), "Brain Gym"_"Brain button","Cross-crawl" (using pseudo-scientific terms to promote the idea that neural mechanisms can be influenced by specific physical exercises.) and so on. Goswami and her colleagues indicated the importance of cognitive neuroscience to be adopted to design and delivery of educational instruction to the wellbeing of our society [30] [31] [32] . In the future, leverage ICT engineering to design embedded formative assessment and neurofeedback interaction in the training/ learning program would be definitely play an important role in design and development. Bridging the cognitive neuroscience research to practice in education, clinic and ICT engineering is undoubted the main course in digit era.
